In the past few years, much interest has been expressed in the use of microorganisms immobilized in solid supports (1-3, 9-11, 13) . In general, intracellular enzymes in immobilized microorganisms have been used for the production of bioactive materials. A possible advantage of whole microorganisms compared with purified enzymes includes the ability to catalyze a series of linked reactions, some of which may require cofactors.
On the other hand, some work has been done using living immobilized whole cells for fermentation products (2, 9, 12) . We have reported continuous hydrogen production by immobilized whole cells of Clostridium butyricum (8) and aamylase production by immobilized Bacillus subtilis (T. Kokubu, I. Karube, and S. Suzuki, Eur J. Appl. Microbiol., in press). Furthermore, microbial electrodes using immobilized whole cells have been developed for the determination of biological oxygen demand (BOD) (6) and a vitamin (T. Matsunaga et al., Anal. Chim. Acta, in press). In these cases, bacteria are active for a long time in the gel. Recently, preliminary work on penicillin G production by immobilized whole cells of Penicillium chrysogenum has been reported (Morikawa et al., Biotechnol. Bioeng., in press). These immobilized whole cells have a potential for application in a new type of fermentation. Since the fermentation can be performed with a column system when immobilized whole cells are used, the fermentation process can be controlled easily.
The peptide antibiotic bacitracin is synthesized by the protein thiotemplate mechanism present in Bacillus species (7) . Recently, cellfree synthesis of bacitracin has been also studied in some detail (7) . Therefore, we selected bacitracin for the production of secondary metabolite by immobilized whole cells.
In this paper, bacitracin-producing bacteria, Bacillus sp., were immobilized in polyacrylamide gel, and the production of bacitracin was carried out from a simple nutrient. Furthermore, the growth of the bacteria in the gel was examined by electron microscopy. Table 2) .
MATERIALS AND METHODS

Materials
Effect of media on bacitracin production. Preliminary experiments indicated that the activity of bacitracin production by immobilized whole cells was remarkably reduced at the second reaction when a fermentation medium was used. Therefore, the effect of media on bacitra- cin productivity was examined. Bacitracin productivity in a medium containing meat extract or peptone was higher than that in a medium containing carbohydrate (Table 3) . Furthermore, the productivity was retained at the second reaction of immobilized whole cells. This tendency was also observed in the case of bacitracin production by washed cells. Therefore, 0.5% meat extract and 1% peptone were selected as media for repeated batch production of bacitracin. Repeated batch production of bacitracin was attempted by using immobilized whole cells and washed cells ( Fig. 1 and 2 ). Bacitracin produced by washed cells decreased gradually after several utilizations, but bacitracin produced by the immobilized whole cells increased with successive utilizations. The bacitracin produced in saline appeared to result from synthesis from whole-cell nutrient pools.
Since bacitracin production in the 1% peptone medium was higher than that in the 0.5% meat extract medium, the 1% peptone medium (containing 0.25% saline and 1 x 10-M MnSO4) was employed for further work.
Bacitracin production from amino acids and ATP. Bacitracin production by immobilized whole cells was attempted from asparagine, aspartic acid, histidine, phenylalanine, isoleucine, ornithine, lysine, glutamic acid, leucine, cysteine, and ATP (Fig. 3) . No activation of bacitracin production was observed under these conditions. The amount of bacitracin produced from amino acids and ATP was lower than that from 1% peptone.
Effect of bacteria content on bacitracin production. Figure 4 shows bacitracin produced by the gel containing various amounts of the bacteria. The rate of bacitracin production increased with increasing the amount of whole cells in the gel. A lag in bacitracin production was observed in the case of the gel containing the smallest amount of bacteria. However, the activity of each gel came to the same level with successive utilizations.
Microscopic observation on immobilized cells. Electron microscopic observation of the Repeated incubations (runs) FIG. 4 . Effect of cell contents in the gel on bacitracin production. Immobilization of whole cells was carried out under the standard conditions, except for cell contents in the gel employed; 1% peptone was used for the reaction medium. Symbols: 0, 10%0; *, 5%; x, 0.5%. entrapped cells in the polyacrylamide gel was performed. Figure 5 shows the electron micrographs of whole cells immediately after immobilization and also after 56 h of use for bacitracin production. The apparent growth of cells in the gel (especially at the surface layer) was observed after successive utilizations (total, 56 h of reaction time), whereas the amount of cells evidently had decreased in the center of the gel. DISCUSSION Washed cells of Bacillus sp. produced bacitracin as described by Cornell and Snoke (4) . However, bacitracin productivity decreased with successive utilizations ofwashed cells. Furthermore, the collection of washed cells from reaction medium was difficult. Therefore, Bacillus sp. was immobilized in polyacrylamide gel. The gel prepared with 5% total acrylamide was suitable for immobilization of Bacillus sp. These conditions are very similar to those used previously (Morikawa et al., in press). Because air was required for the production of bacitracin by immobilized whole cells, whole cells in the gel had respiratory activity. As shown in electron micrographs, growth of the bacteria was observed at the surface layer of the gel, and the bacteria could not be observed in the central area of the gel. The diffusion of oxygen through the gel matrix may be a limiting factor of bacitracin production. In this study, leakage of the bacteria from the gel is not desirable for bacitracin production. The growth of leaked bacteria was observed when a fermentation medium (SB) was employed for bacitracin production. Therefore, diluted peptone was chosen as the nutrient for the bacteria, and the growth of the leaked and contaminating bacteria could not be observed during the incubation time. The activity of bacitracin production increased with increasing utilization cycles of immobilized whole cells and reached a steadystate maximum. Furthermore, the apparent half-life of bacitracin production was estimated to be at least 1 week. On the other hand, the activation of bacitracin production was not observed when amino acids and ATP were used as substrates. Furthermore, the rate of activation increased as the amount of bacteria in the gel increased. These results suggested that the activation of bacitracin production was caused by the growth of bacteria in the gel. Therefore, the gel was examined by electron microscopy. The growth of the bacteria was observed at the inner layer (near the surface) of the gel, which was used for repeated batch production of bacitracin. The growth of the bacteria during incubation provides an obvious explanation for the increase in the activity of bacitracin production with successive utilizations. A steady state of bacitracin production could mean that the interstitial space of the gel was filled with active bacteria, or may be controlled by the diffusion rate of substrates and/or product through the gel. However, the detailed mechanism of a steady-state production of bacitracin is far from being fully understood.
The rate of bacitracin production by immobilized whole cells was slightly higher than that of common fermentation.
No attempt has been made to use the immobilized whole cells for a long time or to optimize the process for antibiotic production. which have good mechanical properties and good diffusibility of substrates must be considered in any further studies.
Further developmental studies in this laboratory are being directed toward applying the immobilized whole cells to a reactor for the continuous production of bacitracin.
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